A common practice in evaluating phytase is to only supplement diets that are deficient in nonphytate P while comparing the observed response with that of a positive control. A large proportion of any observed nutrient digestibility or growth responses may be directly related to the release of nonphytate P. It is well accepted that beyond P adequacy further positive responses to phytase supplementation can be attributed to extra-phosphoric effects such as increased ileal amino acid digestibility, AME n , mineral retention, and BW gain (Cabahug et al., 1999; Cowieson et al., 2006) . When graded concentrations of phytase are supplemented to diets marginally deficient in nonphytate P, the point where nonphytate P becomes adequate and extra-phosphoric effects begin is unclear. Benefits of phytase supplementation likely occur due to release of P and extra-phosphoric effects simultaneously over a wide range of phytase concentrations. Significant extraphosphoric increases in BW gain have been reported at phytase concentrations ranging from as low as 300 Extra-phosphoric effects of phytase with and without xylanase in corn-soybean meal-based diets fed to broilers 1 Treatments were provided from 27 to 32 d of age in experiment 1 and from 1 to 32 d of age in experiment 2. Digesta contents of the terminal ileum were collected at 32 d of age (experiment 1 and 2), and growth performance was measured at 1, 14, and 25 d of age in experiment 2. There was no interaction of phytase and xylanase; only main effects of phytase were observed. In experiment 1, broilers fed diets supplemented with phytase at 1,000 FTU/kg had increased (P < 0.05) apparent ileal digestibility (AID) of all AA with the exception of Ala and Met. Diets fed to broilers supplemented with higher concentrations of phytase did not further increase AID of any AA (P > 0.05) above the addition of 1,000 FTU/kg of phytase. Phytase supplementation did not affect ileal digestible energy (P > 0.05). For all variables measured, significant log-linear or log-quadratic effects of phytase (P > 0.05) were not observed. In contrast, broilers fed diets supplemented with phytase in experiment 2 exhibited log-linear (P < 0.05) increases in AID of AA but not apparent ileal digestible energy. However, supplementation with 2,000 FTU/kg of phytase increased (P = 0.05) ileal digestible energy by 36 kcal/kg compared with the basal diet. Broilers fed diets with 1,000 FTU/ kg of phytase had improved growth performance (P < 0.05) in comparison with broilers fed diets containing 0 or 500 FTU/kg of phytase. The addition of 500 FTU/ kg of phytase in diets fed to broilers did not affect ileal digestibility or growth performance (P > 0.05). Data obtained from these experiments demonstrated extraphosphoric effects in broilers fed diets supplemented with 1,000 FTU/kg of phytase and diminishing returns with higher concentrations.
INTRODUCTION
to 800 phytase units (FTU)/kg (Cabahug et al., 1999; Watson et al., 2006) .
Although extra-phosphoric effects of phytase occur intuitively, their interpretation from many published experiments is confounded by the release of P. Phytase is not typically added to a positive control diet that has been formulated to be adequate in nonphytate P, but when birds fed phytase-supplemented negative control diets outperform those fed a positive control diet, extraphosphoric effects are suggested (Cabahug et al., 1999; Cowieson et al., 2006) . Nevertheless, in many studies it is impossible to know the point of P adequacy, making quantification of extra-phosphoric effects difficult. Moreover, the magnitude of extra-phosphoric effects may depend partially on the molar concentrations of substrate and enzyme present. This is apparent by the variability of response in peer-reviewed literature (Watson et al., 2006) and because phytate concentration has been demonstrated to greatly affect the occurrence of extra-phosphoric effects (Cabahug et al., 1999) . To better understand the effects of phytase addition in broiler diets, it may be beneficial to study extra-phosphoric effects under theoretically optimal conditions (i.e., by maximizing dephosphorylation of phytate with high concentrations of phytase).
Invariably, a portion of the dietary phytate remains encapsulated by plant cell walls. Dephosphorylation may potentially be maximized by the addition of carbohydrases to increase access to encapsulated phytate (Zyla et al., 1995) . Increased cellular permeability facilitated by xylanase supplementation may increase access to phytate as well as encapsulated nutrients (Selle et al., 2003) , which may alter the magnitude of extraphosphoric increases in nutrient and energy digestibility. Supplementation of diets with phytase and carbohydrase in combination has produced mixed results, ranging from subadditive to synergistic responses in broilers (Cowieson and Adeola, 2005; Juanpere et al., 2005) as well as swine (Oryschak et al., 2002) .
In general, xylanase is added to broiler diets to improve energy utilization and growth performance. Supplementation of wheat-based diets with phytase and xylanase in combination resulted in subadditive increases in nutrient and energy utilization, as well as growth performance in broilers . The benefits were apparent in that phytase and xylanase increased digestibility of many amino acids, as well as energy, to levels higher than in broilers fed a P-adequate positive control diet. Extra-phosphoric effects may be magnified when both enzymes are supplemented in combination. However, responses in corn-soybean meal-based diets may be different in type or magnitude than in wheatbased diets because corn contains less soluble nonstarch polysaccharides and neutral detergent fiber than wheat (Knudsen, 1997) .
Two experiments (experiments 1 and 2) were conducted to evaluate extra-phosphoric effects of phytase in combination with xylanase in corn-soybean mealbased diets fed to broilers. Experiment 1 evaluated extra-phosphoric effects with gradient concentrations of phytase and with or without xylanase supplementation, and experiment 2 used a narrowed range of phytase concentrations and an expanded range of xylanase concentrations to determine optimal concentrations. To the best of our knowledge, extra-phosphoric effects of phytase in broilers have not been evaluated free of confounding by P inadequacy and with potential xylanase interactions in corn-soybean meal-based diets. The objective of this research was to identify the optimal concentrations of phytase and xylanase needed to attain maximum extra-phosphoric effects on amino acid and energy digestibility in broilers with phytase and xylanase supplementation.
MATERIALS AND METHODS
All procedures relating to the use of live birds were approved by the Auburn University Institutional Animal Care and Use Committee.
Bird Husbandry
In each of the 2 experiments, Ross × Ross 708 broiler chicks (Aviagen North America, Huntsville, AL) were obtained from a commercial hatchery and randomly distributed to battery cages (12 per pen; 0.04 m 2 per bird; 864 males in experiment 1 and 1,152 females in experiment 2) in a solid-sided facility at 1 d of age. Broilers were vaccinated for Marek's disease, infectious bronchitis, and Newcastle disease at the hatchery. The ambient temperature set point was 33°C at placement and was decreased as the birds increased in age, with a final set point of 24°C at 30 d of age. Photoperiod was 23L:1D from 1 to 25 d of age, and 12L:12D from 26 to 32 d of age.
Experimental Treatments
Experiment 1 consisted of a factorial arrangement of 12 treatments with 6 phytase (0, 1,000, 2,000, 4,000, 8,000, or 16,000 FTU/kg) and 2 xylanase [0 or 16,000 birch xylan units (BXU)/kg] concentrations. Based on results of experiment 1, the enzyme inclusions were adjusted to provide 4 phytase (0, 500, 1,000, or 2,000 FTU/kg) and 4 xylanase (0, 8,000, 16,000, or 32,000 BXU/kg) concentrations in a factorial arrangement of treatments in experiment 2. The purpose of the enzyme concentrations chosen was to identify the optimal inclusions of each enzyme with regard to the extra-phosphoric effect. All experimental diets were analyzed at an external laboratory (Enzyme Services and Consultancy, Hengoed, Wales) for phytase and xylanase activities. Phytase activity was determined using a method based on the AOAC/Engelen method (method 2000.12; AOAC International, 2000; Engelen et al., 1994 Engelen et al., , 2001 . Using phytic acid from rice as a substrate, feed samples were extracted for 30 min in 25 mM borate, pH 10.0, and analyses were conducted at pH 4.5 and 60°C. Phy-tase activity was determined based on the end-point determination of phosphate using a molybdate-vanadate color system. Xylanase activity in feed samples was determined using azurine-crosslinked wheat arabinoxylan (Xylazyme AX) tablets (Megazyme International Ireland Ltd., Bray, Ireland) according to McCleary (1992 McCleary ( , 1995 . Water-soluble dyed fragments released by the hydrolysis of xylazyme AX substrate by xylanase present in the sample at 50°C were quantitated by absorbance measured at 590 nm. In addition, basal diets were analyzed for phytate content according to the Megazyme method (method K-PHYT, Megazyme International Ireland Ltd.). Briefly, samples were extracted in 0.66 M HCl overnight, followed by enzymatic dephosphorylation with phytase to yield myo-inositol monophosphate and 5 molecules of orthophosphate. The inositol ring was completely dephosphorylated by the action of alkaline phosphatase. Orthophosphate groups released from phytate were reacted with ammonium molybdate (5% wt/vol) to yield 12-molybdophosphoric acid. Finally, 12-molybdophosphoric acid and 1 M H 2 SO 4 with ascorbic acid (10% wt/vol) reacted to form molybdenum blue. The concentration of molybdenum blue formed in the reaction was proportional to the concentration of orthophosphate in the original sample. The orthophosphate concentration was determined colorimetrically by measuring the increase in absorbance at 655 nm (Fiske and Subarrow, 1925) , and phytate content was calculated based on phytate having 28.2% P.
Nutrient Digestibility Trials
In experiment 1, broilers were fed common cornsoybean meal-based diets (0 to 17 d of age = AME n , 3,075 kcal/kg; digestible Lys, 1.22%; digestible TSAA, 0.92%; digestible Thr, 0.83%; Ca, 0.90%; and nonphytate P, 0.45%; 18 to 27 d of age = AME n , 3,140 kcal/ kg; digestible Lys, 1.13%; digestible TSAA, 0.86%; digestible Thr, 0.74%; Ca, 0.80%; and nonphytate P, 0.40%) until 27 d of age. Experimental diets were provided from 28 to 32 d of age (Table 1) . In experiment 2, broilers were fed experimental diets from d 1 through the remainder of the experiment ( Table 2) . The basis for feeding treatments from 1 d of age was to account the previous exposure of phytase supplementation on the physiology of the gastrointestinal tract (Pirgozliev et al., 2009 (Pirgozliev et al., , 2011 . Experimental diets in both experiments were created by mixing a variable portion consisting of washed builder's sand with or without phytase, xylanase, or both, with an aliquot of basal diet adequate in Ca and nonphytate P.
In each experiment, 8 birds per experimental unit were euthanized by CO 2 asphyxiation at 32 d of age. Digesta contents of the terminal ileum (a section spanning 4 to 30 cm upstream from the ileocecal junction) were gently flushed with deionized water into sample cups and stored at −20°C until being analyzed for TiO 2 , amino acid, and energy content. Feed and digesta were lyophilized in a Virtis Genesis Pilot Lyophilizer (SP Industries, Warminster, PA) and ground using a cyclone mill (Cyclotec model number 1093, Foss North America Inc., Eden Prairie, MN; feed) or an electric coffee grinder (digesta). Broilers yield approximately 1 g of dry digesta from the terminal ileum at 32 d of age, and thus, a coffee grinder was used to provide finely ground sample without significant loss.
Feed and digesta from each experiment were analyzed for TiO 2 content by a method based on that of Leone (1973) and used previously by Gehring et al. (2012) . Briefly, 0.25 g of sample was added to glass test tubes and ashed at 580°C for 10 h; ashed samples diluted with 5 mL of H 2 SO 4 and containing 0.8 g NaSO 4 were heated at 130°C for 72 h; the contents of each tube were diluted to 50 mL with distilled deionized water and held for 12 h at 25°C; 3 mL of feed samples or 1 mL of digesta samples (with 2 mL of 1.8 M H 2 SO 4 ) were added to glass test tubes with 150 µL of H 2 O 2 ; and after color development (30 min), absorbance was measured on a spectrophotometer at 410 nm. Feed and digesta were also analyzed for gross energy and amino acid content. Gross energy was determined using an isoperibol bomb calorimeter (model number 6300, Parr Instruments, Moline, IL) as described by the manufacturer's manual (Parr Instruments, 1948) . Amino acid content was determined at Agricultural Experiment Station Chemical Laboratories at the University of Missouri (Columbia) using ion exchange chromatography with postcolumn ninhydrin derivitization on hydrolysates obtained via acid hydrolysis [all amino acids (AA) with the exception of Met, Cys, and Trp], performic acid oxidation followed by acid hydrolysis (Met and Cys), and alkaline hydrolysis [Trp; method 982.30 E(a,b,c); AOAC International, 2006; Table 3 ]. Titanium dioxide content in feed samples was analyzed in quadruplicate; otherwise, duplicate analyses were performed on digesta samples. Apparent ileal digestibility (AID) of AA and energy were calculated using the following equation:
to obtain an AID coefficient (multiplied by 100 for AID of AA) or the AID coefficient multiplied by the GE to obtain ileal digestible energy (IDE 
Statistical Analyses
Data were analyzed as a factorial treatment structure in a randomized complete block design for both experiments. Cage location was the blocking factor. Each treatment was represented by 6 replicate cages. An ANOVA was performed using PROC MIXED (SAS Institute Inc., Cary, NC) by the following mixed-effects model:
where µ.. is the overall mean; the ρ i are identically and independently normally distributed random block effects with mean 0 and variance σ 2 ρ ; the τ j are fixed factor level effects corresponding to the jth phytase concentration such that Στ j = 0; the β k are fixed factor level effects corresponding to the kth xylanase concentration such that Σβ k = 0; the (τβ) jk are the interaction effects corresponding to the jth phytase and kth xylanase concentrations such that Σ(τβ) jk = 0; and the random error ε ijk are identically and independently normally distributed with mean 0 and variance σ 2 .
Significance was determined at P ≤ 0.05. Outliers were evaluated based on externally studentized residuals:
where t i is the externally studentized residual for the ith observation, s 2 (i) is the estimate of σ 2 based on a dataset with the ith observation removed, e i is the ith residual, and h ii is the ith diagonal element of the hat matrix. All values of | | i t greater than the Bonferroni critical value [t (α/2n), n−p−1 ], where n is the number of observations in the sample, p is the number of factors in the model, α is the chosen level of significance, and t is a random variable with a Student t distribution and (n−p−1) degrees of freedom, were removed (Montgomery et al., 2012) . Model assumptions were validated with normal probability and residual plots in PROC REG (Montgomery et al., 2012; SAS Institute Inc.) .
Because phytase concentrations were not evenly spaced (0, 1,000, 2,000, 4,000, 8,000, and 16,000 FTU/ kg in experiment 1 and 0, 500, 1,000, and 2,000 FTU in experiment 2), concentrations were transformed [log 10 (FTU+1)] before analysis according to Shirley and Edwards (2003) . Due to the log-transformation, log-linear and log-quadratic regression of the responses was conducted by omitting the 0 point leaving approximately linear gradations of treatments. All other analyses conducted included the entire data set.
RESULTS AND DISCUSSION
There were no significant effects of xylanase supplementation or interaction between xylanase and phytase in either experiment (P > 0.05). Therefore, only the main effects of phytase supplementation are discussed. Xylanase supplementation of diets fed to broilers did not affect any variables measured despite inclusion of up to 32,000 BXU/kg (approximately 45,000 BXU/kg of xylanase analyzed). In diets based on most cereal grains other than corn, xylanase consistently increases nutrient utilization (Dänicke et al., 1997; Choct et al., 1999) . However, corn contains less neutral detergent fiber than other cereals and a lesser concentration of substrate may have minimized effects on nutrient digestibility (Knudsen, 1997) . In contrast, Masey O'Neill et al. (2012a,b) reported increased energy utilization and growth of broilers fed corn-soybean meal-based diets supplemented with xylanase. It is not clear what factors may have contributed to the difference in response between the experiments reported by those authors and the current studies. The fact that diets in the current studies were not reduced in AME n may certainly have lessened the potential for improvement in energy utilization. However, xylanase has been demonstrated to increase ileal digestible energy and AME n even in broilers fed diets adequate in energy (Masey O'Neill et al., 2012a) .
Experiment 1
Analyzed activities of phytase and xylanase in experimental diets are reported in Table 4 . Most treatments had analyzed phytase activities similar to the formulated values. As in the current study, it is not uncommon for analyzed phytase activities to deviate further from formulated values as inclusions increase in magnitude (Dilger et al., 2004; Cowieson et al., 2006) . In diets without xylanase, phytase concentrations were higher than formulated. However, concentrations increased as intended. Xylanase was present at a background activity of approximately 2,000 BXU/kg. In diets with xylanase, analyzed values were higher than formulated values by approximately 4,000 BXU/kg, but this was consistent across diets.
Amino acid digestibility response to phytase supplementation (compared with the basal diet) was greatest for Ser (3.1 and 4.1%), Cys (2.7 and 3.2%), Ile (2.3 and 3.2%), Asp (2.2 and 3.2%), and Tyr (2.2 and 2.9%), with 1,000 and 2,000 FTU/kg of supplemental phytase, respectively (Tables 5 and 6 ). The AA that tended to be affected the most by phytase supplementation included those that are associated with endogenous enzymes (Ala, Tyr, Ser, and Gly) and mucin (Ser, Gly, Cys, and Thr), which are sources of endogenous AA loss affected by dietary phytate (Cowieson and Ravindran, 2007) . Exogenous enzymes have the potential to increase digestibility of nutrients that remain unabsorbed in the terminal ileum (ileal undigested fraction) after feeding a basal diet. Methionine has limited potential for improvement with phytase and xylanase supplementation (Zanella et al., 1999; Rutherfurd et al., 2004) because basal digestibility at the terminal ileum is typically greater than 90% in a corn-soybean meal-based diet. In contrast, AA with a lower basal digestibility (e.g., Cys) have a larger ileal undigested fraction and potential for improvement. In experiment 1, birds fed diets supplemented with 1,000 FTU/kg of phytase had increased AID of all AA (P < 0.05) with the exception of Ala (P = 0.085). There was no further increase of AA digestibility with higher concentrations of phytase (P > 0.05), and thus, log-linear and log-quadratic responses were not observed (P > 0.05). This likely occurred because the plateau was reached at 1,000 FTU/kg of phytase and the linear portion of the response curves was between 0 and 1,000 FTU/kg.
In contrast with AID of AA, phytase supplementation up to 16,000 FTU/kg of phytase did not affect IDE (3, 289, 3, 288, 3, 295 , and 3,313 kcal/kg for 0, 500, 1,000, and 2,000 FTU/kg, respectively; P > 0.05). The lack of response in may have been related to higher endogenous energy losses compared with broilers fed phytasesupplemented diets from 1 d of age. Pirgozliev et al. (2009) demonstrated a 32% reduction in endogenous energy loss in birds that had previously been fed diets supplemented with phytase. Thus, the phytase may not have been fed long enough to effect a significant reduction in endogenous losses. This effect of phytase on endogenous energy losses and thus, the response observed for ileal digestible energy or AME n is substantiated by previous research (Shirley and Edwards, 2003; Cowieson et al., 2006; Leslie et al., 2007) . Ileal digestible energy was unaffected (P > 0.05) in broilers fed corn or soybean meal supplemented with phytase from 7 to 9, 14 to 16, or 21 to 23 d of age (Leslie et al., 2007) . However, when broilers were fed diets containing phytase starting from 1 d of age, AME n was increased (P < 0.05) at 16 d of age (Shirley and Edwards, 2003; Cowieson et al., 2006) .
Experiment 2
Analyzed values of phytase and xylanase activities in experimental diets are reported in Table 3 . These values were similar to formulated values. Xylanase concentrations were high as in the experiment 1 diets but on a consistent basis. Inclusion of phytase resulted in a loglinear increase (P < 0.05) in AA digestibility responses for all AA with the exception of Ala (P = 0.072), His (P = 0.12), and Met (P = 0.37). Compared with the basal diet, the greatest increases in AID in broilers fed diets with 1,000 or 2,000 FTU/kg of phytase occurred for Cys (1.2 and 1.6%), Ser (1.0 and 1.3%), Tyr (0.9 and 0.7%), Ile (0.7 and 0.9%), Thr (0.7 and 0.8%), and Phytase levels were log 10 transformed before analysis.
4
Phytase and xylanase levels did not interact (P > 0.05).
5
Log-linear and log-quadratic effects of phytase were analyzed without the zero point so that levels were evenly spaced.
Asp (0.7 and 1.0%), respectively (Tables 7 and 8 ). Supplementation of diets fed to female broilers with 500 FTU/kg of phytase did not significantly increase AID of any AA (P > 0.05) compared with the basal diet. Data from the current studies indicated that increasing AID of AA in diets adequate in Ca and nonphytate P necessitates at least approximately 1,000 FTU/kg of phytase. Conventionally, between 500 and 800 FTU/kg of phytase is supplemented to poultry diets to restore nonphytate P. Thus, 1,000 FTU/kg of phytase in the current study with adequate Ca and nonphytate P is analogous to at least 1,500 FTU/kg of phytase used in diets with reduced Ca and nonphytate P. Adeola and Sands (2003) reviewed the effects of phytase on AA utilization in monogastric nutrition. The authors noted that phytase supplementation did not increase AID of AA for poultry in experiments with reduced Ca and nonphytate P conducted by Sebastian et al. (1997) and Namkung and Leeson (1999) , and with adequate Ca and nonphytate P conducted by Zhang et al. (1999) , in which 600, 1,150, and 600 FTU/kg of phytase were supplemented, respectively.
Phytase supplementation of diets with 2,000 FTU/kg of phytase increased (P = 0.05) IDE by 36 kcal/kg relative to control (Figure 1 ). There was no difference (P > 0.05) in IDE in birds fed diets with phytase included at either 500 or 1,000 FTU/kg of phytase. Apparent IDE was unaffected by xylanase supplementation of diets fed to broilers in both experiments (P > 0.05), likely because birds were grown to relatively young ages (older birds being more responsive in corn-based diets) and diets based on corn do not have significant amounts of soluble nonstarch polysaccharides and are not associated with adverse digesta viscosity.
Increased AID of AA and energy observed were reflected in increased BW gain and feed consumption from 1 to 14 and 1 to 25 d of age (Tables 9 and 10 ). Female broilers fed diets containing 1,000 FTU/kg of phytase consumed more feed and grew at a faster rate than those fed the basal diet (P < 0.05). Body weight gain (1 to 14 d) and feed intake (1 to 14 d and 1 to 25 d) responses were log-linear (P < 0.05) and proportional; therefore, feed conversion ratio was unaffected by phytase supplementation. In parallel with AID data, preplanned orthogonal contrasts between 0 and 500 FTU/kg of phytase treatments indicated no effect (P > 0.05) of phytase below 1,000 FTU/kg.
Phytase supplementation of poultry diets results in curvilinear responses that reflect diminishing returns (Shirley and Edwards, 2003) . The current studies indicated that 1,000 FTU/kg of phytase were required to maximize AA, energy, and growth responses in broilers. Commercial phytases preferentially attack the myo-inositol esters (IP1 to IP6) with 5 or 6 orthophosphate groups (Wyss et al., 1999) . Higher concentrations of phytase than are typically used are required to significantly deplete the pool of IP3 and IP4. As the higher-phosphorylated esters are removed from the ingesta, the vast antinutritional effects of phytate are reduced accordingly (Reddy, 2002) . Phytate acts as an antinutrient via chelation or complex formation with minerals, proteins, and possibly starch (McCance Table 6 . Apparent ileal digestibility of dispensable amino acids (AA) in diets fed to Ross × Ross 708 male broilers from 27 to 32 d of age and formulated to contain adequate Ca and available P with or without supplementation of phytase and xylanase, experiment 1 1 4 Phytase levels were log 10 transformed before analysis. 5 Log-linear and log-quadratic effects of phytase were analyzed without the zero point so that levels were evenly spaced. Phytase levels were log 10 transformed before analysis.
and Widdowson, 1942; Bourdillon, 1951; Rickard and Thompson, 1997) , direct inhibition of pancreatic enzymes (Singh and Krikorian, 1982) , destabilization of endogenous enzymes by chelating Ca (Deshpande and Damodaran, 1989) , hyper-secretion of pepsin, HCl, and consequently NaHCO 3 and mucin (Cowieson et al., 2004; Cowieson and Ravindran, 2007; Onyango et al., 2009) , and indirect inhibition of amino acid and glucose absorption related to reduced Na availability or transporter expression (Dilworth et al., 2005; Liu et al., 2008 ).
In conclusion, broilers fed corn-soybean meal-based diets adequate in Ca and nonphytate P exhibited increased AID of AA (experiment 1 and 2) and energy (experiment 2). In experiment 2, increased BW gain and feed intake of female broilers paralleled increases in ileal digestibility. Xylanase supplementation did not interact with phytase supplementation and did not affect any of the variables measured, possibly due to the amount of substrate, the age of the birds, or housing environment, which did not provide a microbial challenge and the presence of an ionophore in experiment 4 Phytase levels were log 10 transformed before analysis. 5 Log-linear effects of phytase were analyzed without the zero point so that phytase concentrations were evenly spaced. 1 which provides some antimicrobial activity. Extraphosphoric increases in nutrient utilization and growth performance may be achieved with high concentrations of phytase. The application of this nutritional strategy is dependent on feed ingredient prices and the relative efficacy and price of phytase supplementation. 6 Phytase levels were log 10 transformed before analysis. 7 Log-linear effects of phytase were analyzed without the zero point so that levels were evenly spaced. 
